Great saphenous vein harvesting for venous outflow reconstruction in living donor liver transplantation – A minimally invasive refinement of the conventional procedure  by Lin, Chia-Cheng et al.
at SciVerse ScienceDirect
International Journal of Surgery 11 (2013) 249e252
ORIGINAL RESEARCHContents lists availableInternational Journal of Surgery
journal homepage: www.thei js .comOriginal research
Great saphenous vein harvesting for venous outﬂow reconstruction in
living donor liver transplantation e A minimally invasive reﬁnement
of the conventional procedure
Chia-Cheng Lin a, Chia-En Hsieh a, Yao-Li Chen a,b,*
aDivision of General Surgery, Department of Surgery, Changhua Christian Hospital, No. 135 Nanxiao street, Changhua city, Changhua county, Taiwan
b School of Medicine, Chung Shan Medical University, Taichung, Taiwana r t i c l e i n f o
Article history:
Received 5 September 2012
Received in revised form
10 January 2013
Accepted 11 January 2013
Available online 22 January 2013
Keywords:
Minimally invasive
Short-incision
Great saphenous vein harvesting
Outﬂow reconstruction
Liver transplantation* Corresponding author. School of Medicine, Chu
Taichung, Taiwan. Tel.: þ886 04 7238595x6631; fax:
E-mail addresses: gs.alelin@gmail.com (C.-C
(C.-E. Hsieh), 31560@cch.org.tw (Y.-L. Chen).
1743-9191/$ e see front matter  2013 Surgical Asso
http://dx.doi.org/10.1016/j.ijsu.2013.01.004a b s t r a c t
Background: With the popularization of living donor liver transplantation (LDLT), it has been discovered
that adequate venous outﬂow from the transplanted liver is crucial for proper graft function. Recently,
the harvesting of the LDLT recipient’s autologous great saphenous vein (GSV) has been increasingly
adopted as a solution to the shortage of cadaveric vascular grafts.
Minimally invasive GSV harvesting for coronary artery bypass grafting was shown to improve the cos-
metic result and reduce leg wound pain and other complications. For immunosuppressed patients such
as LDLT recipients, these beneﬁts could be especially valuable.
Materials and methods: From April to August 2012, eleven LDLT recipients underwent either minimally
invasive or short-incision harvesting of GSV. The patient proﬁles, operative and postoperative infor-
mation regarding operation time, estimated blood loss, harvested GSV graft length, serum tacrolimus
(FK506) levels and postoperative complications were recorded prospectively.
Results: The only wound complication was a subcutaneous hematoma, in our fourth patient. The mean
operation time and themean estimated blood losswere 33.9min and7.3ml respectively. Themean incision
length divided by the mean vein graft length was 31.6%. Two patients had poorly controlled diabetes
mellitus. Themean serumFK506 level during theﬁrst postoperativeweekwas 6.4 ng/ml (therapeutic range
5e10 ng/ml according to our protocol). No patient had surgical site infection in this series.
Conclusions: GSV harvesting from LDLT recipients for hepatic venous outﬂow reconstruction is feasible
without the need for expensive endoscopic systems, and an adequate length of vein can be obtained
through a single 3 cm incision.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
The popularization of living donor liver transplantation (LDLT)
due to limited cadaveric donation is especially notable in Asia. With
progressive experience, it has been discovered that adequate
venous outﬂow from the transplanted liver is crucial for proper
graft function. To achieve this, numerous modiﬁcations to the right
hepatic vein, inferior right hepatic veins and middle hepatic vein
had been proposed in search of the best method for hepatic venous
outﬂow reconstruction. However, regardless of the method used
for venous outﬂow reconstruction (patch widening, uniﬁcation
venoplasty, vascular conduit, etc), transplant surgeons facedng Shan Medical University,
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ciates Ltd. Published by Elsevier Lta shortage of cadaveric vascular grafts. Therefore, the harvesting of
autologous great saphenous vein (GSV) and/or the use of synthetic
materials have been increasingly adopted.1e3 The harvesting of
autologous GSV is a relatively simple standardized procedure in
vascular surgery. However, the traditional open approach of this
operation involves a long incision with potential complications
such as impaired wound healing, subcutaneous hematoma and
surgical site infection.4e10 The earliest cases of minimally invasive
GSV harvesting were reported in 1996, and it was ﬁrst reported in
coronary artery bypass grafting (CABG) by Tevaearai et al., in
1997.11,12 Since then, instrumental and technical reﬁnements have
improved the procedure. To date, most published studies have
demonstrated improved cosmetic results and fewer complications,
including reduced leg wound pain.13e18 For immunosuppressed
patients such as LDLT recipients, these beneﬁts could be especially
valuable. Today, many Asian LDLT centers harvest the GSV from
LDLT recipients for venous outﬂow reconstruction using thed. All rights reserved.
Fig. 2. A 5 mm endoscope passing through the ring of the modiﬁed Army Navy
retractory (A). The ﬁnal operative wound (B).
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of the conventional open technique, adapted from a minimally
invasive procedure and we believe this to be the ﬁrst such report in
the ﬁeld of liver transplantation.
2. Materials and methods
2.1. Patients
From April to August 2012, eleven LDLT recipients underwent either minimally
invasive (i.e. video assisted) or short-incision (i.e. not assisted by video equipment)
harvesting of the GSV which was used for the subsequent hepatic venous outﬂow
reconstruction. In our hospital, venoplasty of the hepatic vein(s) is routinely per-
formed during venous outﬂow reconstruction. However, the harvesting of GSV from
LDLT recipients is not always necessary. Usually this decision is made during the pre-
transplantation multi-disciplinary conference. The procedure is indicated when no
cadaveric vascular grafts are available from our tissue bank, or when it is known that
larger vascular grafts are not needed.
The patient proﬁles were recorded, including age, gender, underlying diabetes
mellitus, body mass index (BMI), Child-Pugh score, Model for End-Stage Liver Dis-
ease (MELD) score, coagulation status and indication for liver transplantation.
Operative and postoperative clinical information was also prospectively recorded
regarding operation time, estimated blood loss, harvested GSV graft length, serum
tacrolimus (FK506) levels and postoperative complications. The mean serum FK506
level during the ﬁrst postoperative week was calculated as an index of the degree of
immunosuppression.
2.2. The evolution of our minimally invasive procedure
After the LDLT patient was anesthetized, the GSV harvesting procedure was
initiated while the anesthetic team prepared the patient for the proposed liver
transplant.
For patients #1 to #5: The patient was placed supine with the left hip abducted.
Harvesting the left GSV is preferred because the right groin is more convenient for
other procedures (e.g. central venous catheter, arterial line, extra-corporeal circu-
lation, etc). A sonogramwas performed to localize the sapheno-femoral junction and
the course of the GSVwas marked on the skin. A 3 cm longitudinal incisionwas then
made 5 cm distal to the sapheno-femoral junction (Fig. 1). After identiﬁcation of the
GSV in the subcutaneous layer, the soft tissue ﬂap superﬁcial to it was lifted by
a modiﬁed Army Navy retractor ﬁtted with a ring. The target vein was harvested
cephalad up to the sapheno-femoral junction. Minor tributary veins were divided
with bipolar electrocautery while major tributary veins were divided between he-
mostatic clips. The harvesting procedure was assisted by a 5 mm endoscope passed
through the ring of the modiﬁed Army Navy retractor (Fig. 2).
For patients #6 to #11: The courses of the inguinal ligament and of the femoral
artery were carefully palpated and marked on the skin. Ultra-sonography was not
used. A point located two ﬁngers breadth caudal to the inguinal ligament and
immediately medial to the femoral artery was marked as the presumptive sapheno-
femoral junction. A 3 cm longitudinal incision was then made 5 cm distal to the
sapheno-femoral junction. Through this incision, the proximal GSV was then har-
vested under direct vision by lifting the skin ﬂap with a standard Army NavyFig. 1. A longitudinal incision of 3 cm length is made at 5 cm distal to the sapheno-
femoral junction (blue arrow).retractor, without the need for an endoscope. Once harvested, the GSV was carefully
checked for side holes by insufﬂating the vein with a heparinized solution. After
closure of all side holes with prolene 6-O, the vein was preserved in normal saline
and taken to the back table for subsequent venous outﬂow reconstruction (Fig. 3).3. Results
The patient proﬁles are listed in Table 1. Two of our patients had
poorly controlled diabetes mellitus (HbA1c 6.5% and 9.6% respec-
tively). The operative and postoperative clinical information is lis-
ted in Table 2. The data showed an absence of extreme values
regarding age and BMI in our series. However, the majority of theFig. 3. One of the most frequently performed venoplasty techniques in our hospital
consists in the widening of the right hepatic vein with a GSV patch.
Table 1
Patient proﬁles.
Patient Age/sex BMI DM/HbA1c CPS MELD score INR APTT (sec) Platelet (103/mm3)
1 65/male 23.5 e/5.4 5 9 1 32 112
2 64/male 24.8 e/6 15 29 2.9 30.8 78
3 45/male 25 e/3.8 12 28 2.4 51.2 62
4 52/male 18.9 e/5 11 22 2 45.1 102
5 58/male 25.5 Yes/6.5 6 11 1.2 35 63
6 65/male 23.4 Yes/9.6 5 9 1.3 35.2 74
7 69/male 21.8 e/6 7 7 1 27.4 147
8 48/male 26.8 e/5.5 9 15 1.3 35 128
9 57/male 23.6 e/5.6 6 6 1 31.1 113
10 54/male 28.6 e/4.5 10 16 1.4 36.2 30
11 64/male 22.2 e/3.7 12 26 2.9 51.6 56
Mean 58/e 24 e/5.6 8.9 16.2 1.7 37.3 87.7
BMI: body mass index. CPS: Child-Pugh score. DM: diabetes mellitus. MELD: Model for End-Stage Liver Disease.
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thrombocytopenia at the time of undergoing liver transplantation.
The only wound complication occurred in our fourth patient,
probably because the anterior accessory GSV was mistaken for the
GSV during sonogram localization. Consequently both the anterior
accessory GSV and the GSV were harvested, resulting in a longer
operation time and greater blood loss. After completion of the liver
transplantation, a subcutaneous hematoma was noted in the left
groin; the thigh wound was therefore re-opened to remove the
hematoma. Although no active bleeding point was found, we
believe that oozing was due to more extensive dissection in this
patient. A Jackson Pratt drain tube was placed in the subcutaneous
layer and the patient’s postoperative recovery was uneventful.
The mean operation time and the mean estimated blood loss
were 33.9 min and 7.3 ml respectively. However, if the fourth pa-
tient (described above) is excluded, the mean operation time and
the mean estimated blood loss decrease to 30.3 min and 6 ml
respectively.
The cutaneous incision was 3 cm long for all patients; the inci-
sion length was 31.6% of the mean vein graft length (i.e. less than
a third as long). No patient had surgical site infection in this series.
The mean serum FK506 level during the ﬁrst postoperative week
ranged from 4.48 to 8.92 ng/ml, with a mean of 6.4 ng/ml (thera-
peutic range 5e10 ng/ml according to our protocol).
4. Discussion
Due to a shortage of cadaveric vascular grafts, autologous GSV
and synthetic materials are increasingly used for hepatic outﬂow
reconstruction in LDLT. However, according to the study by Hwang
et al., polytetraﬂuoroethylene (PTFE) grafts can induce a severe
inﬂammatory reaction at the anastomotic site, resulting in earlyTable 2
Operative and postoperative clinical information of the patients.
Patient Estimated
blood loss (ml)
OP time
(min)
Graft
length (cm)
FK506
(ng/ml)
Complication
1 5 30 10 5.5 Nil
2 5 33 10 7.66 Nil
3 10 34.4 7 7.64 Nil
4 20 69 14 8.02 Hematoma
5 2 37 7 5.06 Nil
6 10 25 10 5.92 Nil
7 5 32 9 5.2 Nil
8 5 35 9.5 4.48 Nil
9 3 20 8.5 4.94 Nil
10 10 30 10 7.1 Nil
11 5 27 9.5 8.92 Nil
Mean 7.3 33.9 9.5 6.4 e
FK506: mean of serum tacrolimus level during the ﬁrst postoperative week. OP
time: operation time.lumen narrowing. They therefore recommend widening the target
veins with an allograft patch prior to any anastomosis to PTFE
grafts. For medium-sized hospitals with limited resources, there is
often not only a shortage of cadaveric vascular grafts but also a lack
of cryopreservation techniques and equipment. Harvesting autol-
ogous GSV therefore seems an attractive option.
Cardiovascular surgeons might be concerned about the long-
term patency rate of GSV harvested by minimally invasive
method because they use GSV as a complete vascular conduit to
restore the coronary artery blood ﬂow. However, we only use GSV
as a vein patch to widen the oriﬁce of hepatic veins, rather than as
a complete conduit. Therefore, we believe it unlikely that the GSV
patch will cause hepatic vein stenosis/occlusion in the long-term
and to date we have had no such complications. We also consider
that the GSV patch widening technique is likely to delay the onset
of full occlusion in such cases, should stenosis occur.
Keeping the LDLT patient hemodynamically stable throughout
the operation is challenging for anesthesiologists, whomay take up
to two hours placing invasive and non-invasive monitoring devices
prior to surgery. This waiting time can be used by the surgeon to
harvest the GSV (with a mean operation time of 33.9 min in our
series) without delaying the transplant procedure itself.
Although the minimally invasive harvesting of the GSV for CABG
began more than a decade ago, it is still not popular in Taiwan due
to the high cost of the equipment (about US$ 2000 in the case of
VASOVIEW). The commercially available endoscopic harvesting
systems were designed for harvesting of greater lengths of GSV (up
to 85 cm in some reports).19 However, for liver graft outﬂow
reconstruction, the GSV needs to be wide rather than long (usually
8e10 cm is enough, harvested below the sapheno-femoral junc-
tion). Initially we used a modiﬁed Army Navy retractor (developed
by our endocrine surgeons for video assisted thyroidectomy) to
maintain a steady non-shaking image while the GSV was harvested
by this minimally invasive technique.20 We subsequently found
that a standard Army Navy retractor worked equallywell, and could
be used to lift the skin ﬂap so the GSV could be harvested under
direct vision through an incision that was one third the length of
the harvested vein, as in the study by Tevaearai et al., whereas
a formal open incision was signiﬁcantly longer (113%) than the
harvested vein.12
The only wound complication was a single subcutaneous he-
matoma, in our fourth patient. Although an experienced ultra-
sonographer can accurately identify the GSV and its course, these
can be satisfactorily predicted using anatomical landmarks alone,
saving time and dispensing with the need for additional equipment
in the operating room. This is more difﬁcult in overweight patients
(rare in our catchment population), in whom the view can be
enhanced using some form of endoscope to keep the procedure
minimally invasive.
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series were relatively low (7.3 ml and 33.9min respectively), but for
patients with a higher Child-Pugh score, MELD score or APTT, or
with a lower platelet count, there is a greater possibility of peri-
operative bleeding. In these patients, subcutaneous dissection
should be carried out with greater caution. Since capillary and
venous bleeding are usually self-limiting, the major concern is
simply to maintain adequate drainage of any subcutaneous blood.
After our experience with our fourth patient, we routinely inserted
subcutaneous drainage tubes.
In conclusion, short-incision GSV harvesting for venous outﬂow
reconstruction in LDLT is feasible without the need for expensive
endoscopic systems. The beneﬁts of minimally invasive harvesting
of the GSV have already been shown in the context of coronary
artery bypass grafting. Larger studies, especially if prospectively
randomized, may elucidate whether the short-incision technique
for harvesting the GSV brings similar beneﬁts to LDLT recipients,
whose liver disease may cause coagulopathy and who are routinely
immunosuppressed postoperatively.
Ethical approval
None declared.
Funding
This study did not receive any funding support.
Author contribution
Chia Cheng Lin: study design, data collections, data analysis,
writing.
Chia En Hsieh: study design, data collections.
Yao Li Chen: study design, data collections, data analysis.
Conﬂict of interest
There is no conﬂict of interest.
References
1. Hwang S, Ha TY, Ahn CS, Moon DB, Kim KH, Song GW, et al. Reconstruction of
inferior right hepatic veins in living donor liver transplantation using right liver
grafts. Liver Transpl 2012;18(2):238e47.
2. Hwang S, Jung DH, Ha TY, Ahn CS, Moon DB, Kim KH, et al. Usability of ringed
polytetraﬂuoroethylene grafts for middle hepatic vein reconstruction during
living donor liver transplantation. Liver Transpl 2012;18(8):955e65.3. Hwang S, Ha TY, Ahn CS, Moon DB, Song GW, Kim KH, et al. Hemody-
namics-compliant reconstruction of the right hepatic vein for adult living
donor liver transplantation with a right liver graft. Liver Transpl 2012;18(7):
858e66.
4. DeLaria GA, Hunter JA, Goldin MD, Serry C, Javid H, Najaﬁ H. Leg wound
complications associated with coronary revascularization. J Thorac Cardiovasc
Surg 1981;81(3):403e7.
5. Lee KS, Reinstein L. Lower limb amputation of the donor site extremity after
coronary artery bypass graft surgery. Arch Phys Med Rehabil 1986;67(8):
564e5.
6. Scher LA, Samson RH, Ketosugbo A, Gupta SK, Ascer E, Veith FJ. Prevention and
management of ischemic complications of vein harvest incisions in cardiac
surgeryecase reports. Angiology 1986;37(2):119e23.
7. Baddour LM, Bisno AL. Recurrent cellulitis after saphenous venectomy for
coronary bypass surgery. Ann Intern Med 1982;97(4):493e6.
8. Wipke-Tevis DD, Stotts NA, Skov P, Carrieri-Kohlman V. Frequency, manifes-
tations, and correlates of impaired healing of saphenous vein harvest incisions.
Heart Lung 1996;25(2):108e16.
9. Utley JR, Thomason ME, Wallace DJ, Mutch DW, Staton L, Brown V, et al. Pre-
operative correlates of impaired wound healing after saphenous vein excision.
J Thorac Cardiovasc Surg 1989;98(1):147e9.
10. Lavee J, Schneiderman J, Yorav S, Shewach-Millet M, Adar R. Complications of
saphenous vein harvesting following coronary artery bypass surgery.
J Cardiovasc Surg (Torino) 1989;30(6):989e91.
11. Lumsden AB, Eaves 3rd FF, Ofenloch JC, Jordan WD. Subcutaneous, video-
assisted saphenous vein harvest: report of the ﬁrst 30 cases. Cardiovasc Surg
1996;4(6):771e6.
12. Tevaearai HT, Mueller XM, von Segesser LK. Minimally invasive harvest of the
saphenous vein for coronary artery bypass grafting. Ann Thorac Surg
1997;63(Suppl. 6):S119e21.
13. Morris RJ, Butler MT, Samuels LE. Minimally invasive saphenous vein har-
vesting. Ann Thorac Surg 1998;66(3):1026e8.
14. Fabricius AM, Diegeler A, Doll N, Weidenbach H, Mohr FW. Minimally invasive
saphenous vein harvesting techniques: morphology and postoperative out-
come. Ann Thorac Surg 2000;70(2):473e8.
15. Kiaii B, Moon BC, Massel D, Langlois Y, Austin TW, Willoughby A, et al.
A prospective randomized trial of endoscopic versus conventional harvesting
of the saphenous vein in coronary artery bypass surgery. J Thorac Cardiovasc
Surg 2002;123(2):204e12.
16. Bonde P, Graham AN, MacGowan SW. Endoscopic vein harvest: advantages and
limitations. Ann Thorac Surg 2004;77(6):2076e82.
17. Yun KL, Wu Y, Aharonian V, Mansukhani P, Pfeffer TA, Sintek CF, et al. Ran-
domized trial of endoscopic versus open vein harvest for coronary artery
bypass grafting: six-month patency rates. J Thorac Cardiovasc Surg
2005;129(3):496e503.
18. Markar SR, Kutty R, Edmonds L, Sadat U, Nair S. A meta-analysis of mini-
mally invasive versus traditional open vein harvest technique for coronary
artery bypass graft surgery. Interact Cardiovasc Thorac Surg 2010;10(2):
266e70.
19. Carrizo GJ, Livesay JJ, Luy L. Endoscopic harvesting of the greater saphenous
vein for aortocoronary bypass grafting. Tex Heart Inst J 1999;26(2):120e3.
20. Chan CP, Yang LH, Chang HC, Chen YL, Chen ST, Kuo SJ, et al. An easier tech-
nique for minimally invasive video-assisted thyroidectomy. Int Surg
2003;88(2):109e13.
